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Abstract 
Based on the characteristics of urban water supply system, the urban pipe network security assessment system was 
established, and then AHP method combined with fuzzy evaluation was used to carry out a comprehensive security 
assessment for the leakage of the urban pipe network. By calculating a real case and analyzing various leakage causes 
and their impact, the assessment model was verified reasonable.  
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1. Introduction 
With the growing scale of construction of urban water supply network and the improvement of 
complexity of the water supply system, security assessment and identification for water supply network is 
being given more and more attention. 
Security assessment is using principles and methodologies of security assessment to analysis and 
identify the hidden dangerous factors existing in water supply system with the purpose of ensuring system 
to work safely and effectively, and it also predicts the probability of incidents and the security degree of the 
system, so as to provide a scientific basis [1] for making practical decisions or developing preventive 
measures. 
AHP, a method of hierarchical weights of decision analysis[2] , is proposed by professor Satie working 
at the University of Pittsburgh in the early 70s of this century, AHP uses multi- objectives method of 
comprehensive evaluation and network systems theory, breaks down factors which have an important 
correlation with decisions into the target, criteria, index layer, and then carries out quantitative and 
qualitative analysis on this basis; However, the fuzzy evaluation method is using fuzzy mathematics to give 
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a review of the possibility of things affected by a number of factors according to certain evaluation criteria. 
To build a security assessment model combined with AHP and fuzzy evaluation method is one of the main 
research content of this paper. 
2. Application of AHP 
2.1 Determine the Evaluation Index  
Security of pipe network system involves a broad scope, it is not simply a list of statistical data, 
collection or superposition, but rather an organic system. This paper builds the index system with three 
levels containing the target layer, criteria layer and index layer, which involves 6 key indicators and 24 
categories indicators such as the pipe material problems, pipe interface problems, temperature changes, 
construction conditions, terrain and load settlement inside and outside and other causes , see Table 1. 
Table 1 Unit for Magnetic Properties 
Target 
Layer Criteria Layer Index Layer 
 
 
 
 
 
 
 
 
 
 
 
security 
assessment     
indicator system 
of                A 
pipe network 
 
 
 
 
 
pipe material 
problems 
B1 
Steel pipe laying rate        u11 
Reinforced concrete pipe laying rate           
u12 
Plastic pipe laying rate                        u13 
Ductile iron pipe laying rate                         u14 
Gray cast iron pipe laying rate                         u15 
Galvanized pipe laying rate                         u16 
 
 
 
 
 
pipe interface 
problems 
B2 
Rubber ring interface used rate 
u21 
Flange interface used rate            u22 
Welded steel pipe interface used rate 
u23 
Expansive cement interface used rate          
u24 
Asbestos cement interface used rate 
u25 
 
 
construction 
conditions 
B3 
Suitable depth buried pipe rate                        u31 
Pipeline corrosion rate                         u32 
Pipeline eligible base rate                         u33 
Temperature stress state                           u41 
Frozen load 
temperature conditions      u42 
High temperature difference between water 
points 
u43 
Geological differences        u51 
Dynamic load traffic condition               
u52 
Regions with high pressure                  u53 
Lower the groundwater level status            
u61 
The situation of pipe base                        u62 
Frequency of man-made damage 
u63 
Changing frequency of geological    
conditions 
u64 
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2.2 Structure Matrix Respectively  
Judgment matrix discusses mainly aiming at target layer, in order to calculate the weights of 24 
indicators on index level to model A , According to the 1 to 9 scale method in Table 2, make comparison of 
all indicators and then use AHP to determine weights[3], matrix is constructed, see Table 3 to  
Table2. Determined elements of comparison matrix of layer guidelines 
aij Two Index Compared 
1 Equally important 
3 Somewhat important 
5 Obviously important 
7 Very important 
9 Extremely important 
2, 4, 6, 8 Degree of importance between two adjacent rooms 
reciproal  
number Comparison of two goals in turn 
Table 9.  
Table3.Comparison matrix and its weight 
A B1 B2 B3 B4 B5 B6 Wi 
B1 1 2 5 6 7 7 0.42 
B2 1/2 1 3 4 5 5 0.26 
B3 1/5 1/3 1 2 4 4 0.13 
B4 1/6 1/4 1/2 1 3 3 0.09 
B5 1/7 1/5 1/4 1/3 1 2 0.05 
B6 1/7 1/5 1/4 1/3 1/2 1 0.04 
maxO =6.2929   CI=0.0586  CR=0.0465 
Table4. Pipe Materials Index Weight and Consistency Test 
B1 u11 u12 u13 u14 u15 u16 Wi 
u11 1 2 2 2 5 7 0.32 
u12 1/2 1 2 2 5 6 0.25 
u13 1/2 1/2 1 2 4 6 0.19 
u14 1/2 1/2 1/2 1 3 5 0.14 
u15 1/5 1/5 1/4 1/3 1 2 0.05 
u16 1/7 1/6 1/6 1/5 1/2 1 0.03 
maxO =6.1487  CI=0.0297  CR=0.0236 
Table5. Pipe Interface Index Weight and Consistency Test  
B2 u21 u22 u23 u24 u25 Wi 
u21 1 2 5 7 8 0.48 
u22 1/2 1 2 5 7 0.28 
u23 1/5 1/2 1 2 3 0.12 
u24 1/7 1/5 1/2 1 3 0.08 
u25 1/8 1/7 1/3 1/3 1 0.04 
maxO =5.1280  CI=0.0320  CR=0.0286 
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Table6. construction status index weight and consistency test  
B3 u31 u32 u33 Wi 
u31 1 2 2 0.50 
u32 1/2 1 2 0.31 
u33 1/2 1/2 1 0.20 
maxO =3.0537  CI=0.0269  CR=0.0517 
Table7. Temperature conditions index weight and consistency test  
B4 u41 u42 u43 Wi 
u41 1 2 4 0.56 
u42 1/2 1 3 0.32 
u43 1/4 1/3 1 0.12 
maxO =3.0183  CI=0.0092  CR=0.0176 
Table8. Terrain subsidence and internal and external load index weight and consistency test 
B4 u41 u42 u43 Wi 
u41 1 2 4 0.56 
u42 1/2 1 3 0.32 
u43 1/4 1/3 1 0.12 
maxO =3.0183  CI=0.0092  CR=0.0176 
Table9. Other factors conditions index weight and consistency test  
B6 u61 u62 u63 u64 Wi 
u61 1 2 1/3 1/2 0.17 
u62 1/2 1 1/2 1/3 0.13 
u63 3 2 1 2 0.42 
u64 2 3 1/2 1 0.29 
maxO =4.1657  CI=0.0552  CR=0.0621 
2.3 Determine the Index Weight  
Use developed program based on MATLAB software to calculate the weight and make consistency 
check, the program interface is shown in figure 1, it will get the weight of each index factor by directly 
inputting the judge matrix into the program,   the test results of weight and consistency are in Table 3 to 
Table 9 ,and the CR values which are less than 0.1 indicates the results all passes the consistency test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Program interface of weighting and consistency test 
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3. Fuzzy comprehensive evaluation model   
3.1The Establishment of the Evaluation Grade Standards 
Evaluation grade set is a set that made by reviewers in evaluating the various objects may be composed 
of evaluation results   ^ `1 2, , , eV v v v  [4].  For the security evaluation of pipe network leakage, the paper 
identified five levels, namely ^ `1 2, , , eV v v v   = (very safe, unsafe, general safe, safe, very safe).  
3.2 The Establishment of Fuzzy Evaluation Matrix  
Pipe network leakage security system of this paper is divided into three indicators: target layer (the third 
indicators) based on construction standards layer (the second indicators), and every fuzzy evaluation matrix 
must correspond to the factors. Membership degree is calculated as follows:  we can invites 11 experts to 
vote for  various  index layers, and  each  index  are calculated in 5 grades by the votes of the total number 
of votes in the ratio of the specific, the results are in Table 10, we  can establish fuzzy evaluation matrix  
according  to the degree of membership as follows: 
1
0.35 0.25 0.2 0.1 0.1
0.30 0.25 0.15 0.2 0.1
0.35 0.1 0.25 0.2 0.1
0.25 0.35 0.1 0.1 0.2
0.2 0.2 0.3 0.2 0.1
0.3 0.3 0.2 0.1 0.1
R
ª º
« »
« »
« »
 « »
« »
« »
« »
¬ ¼
      
2
0.25 0.1 0.35 0.1 0.2
0.3 0.2 0.3 0.2 0
0.3 0.3 0.2 0.2 0
0.4 0.2 0.25 0.15 0
0.2 0.35 0.25 0.15 0
R
ª º
« »
« »
« » 
« »
« »
« »¬ ¼
 
Matrix can also be set up according to Table 10, we will not enumerate here. 
Table10. Degree of membership calculation 
Index value Degree of membership 1 2 3 4 5 
u11 2.4 0.35 0.25 0.2 0.1 0.1
u12 1.1 0.3 0.25 0.15 0.2 0.1 
u13 3.3 0.35 0.1 0.25 0.2 0.1 
u14 35.6 0.25 0.35 0.1 0.1 0.2 
u15 57.6 0.2 0.2 0.3 0.2 0.1 
u16 0.1 0.3 0.2 0.1 0.2 0.2 
u21 48.5 0.25 0.1 0.35 0.1 0.2 
u22 18.4 0.3 0.2 0.3 0.2 0 
u23 6.3 0.3 0.3 0.2 0.2 0 
u24 4.8 0.4 0.2 0.25 0.15 0 
u25 22.0 0.2 0.35 0.25 0.1 0.1 
u31 66.4 0.25 0.2 0.15 0.4 0 
u32 62.7 0.1 0.15 0.25 0.3 0.2 
u33 82.6 0.1 0.1 0.2 0.25 0.35
u41 13.1 0.1 0.2 0.15 0.25 0.30
u42 15.9 0.25 0.3 0.2 0.15 0.1 
u43 4.8 0.2 0.35 0.25 0.1 0.1 
u51 — 0.1 0.25 0.35 0.2 0.1 
u52 — 0.1 0.2 0.2 0.3 0.2 
u53 7.8 0.1 0.1 0.2 0.3 0.3 
u61 — 0.1 0.25 0.1 0.2 0.35
u62 — 0.2 0.3 0.3 0.2 0 
u63 5.7 0.2 0.2 0.3 0.3 0 
u64 — 0.1 0.1 0.2 0.25 0.35
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3.3Calculation of Fuzzy Evaluation Vector  
AHP fuzzy comprehensive evaluation model is
i i iB A R   based   on   this   model   formula, the 
calculated weight of each index coefficient matrix according to table 3 to Table 9 is: 
1 (0.3238,0.2501,0.1939,0.1425,0.0551,0.0345)A                                                                                        (1)  
2 (0.4830,0.2770,0.1224,0.0766,0.0411)A                                                                                                (2) 
3 (0.4905,0.3119,0.1976)A                                                                                                                         (3) 
4 (0.5571,0.3202,0.1226)A                                                                                                                           (4) 
5 (0.2973,0.1638,0.5390)A                                                                                                                            (5) 
6 (0.1693,0.1258,0.4155,0.2895)A                                                                                                      (6)  
Pipe problem of fuzzy evaluation is: 
1 1 1 (0.3238,0.2501,0.1939,0.1425,0.0551,0.0345)
0.35 0.25 0.2 0.1 0.1
0.30 0.25 0.15 0.2 0.1
0.35 0.1 0.25 0.2 0.1
0.25 0.35 0.1 0.1 0.2
0.2 0.2 0.3 0.2 0.1
0.3 0.3 0.2 0.1 0.1
B A R   
ª º
« »
« »
« »
« »
« »
« »
« »
¬ ¼
 
= (0.3132,0.2341,0.1884,0.1499,0.1142)                                                                                                        (7) 
Similarly, you can calculate the other five indicators of fuzzy evaluation vector: 
2 2 2 (0.1205,0.1701,0.4651,0.1438,0.1007)B A R                                                                                  (8)  
3 3 3 (0.1736,0.1646,0.1911,0.3392,0.1315)B A R                                                                                 (9)  
4 4 4 (0.1603,0.0855,0.2504,0.3363,0.1675)B A R                                                                                       (10)    
5 5 5 (0.1000,0.1610,0.2446,0.2703,0.2242)B A R                                                                            (11)  
6 6 6 (0.1541,0.1921,0.2372,0.2561,0.1606)B A R                                                                                      (12)    
Fuzzy matrix of pipe network security assessment based on leakage control is as follows: 
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0.3132 0.2341 0.1884 0.1499 0.1142
0.1205 0.1701 0.4651 0.1438 0.1007
0.1736 0.1646 0.1911 0.3392 0.1315
0.1603 0.0855 0.2504 0.3363 0.1675
0.1000 0.1610 0.2446 0.2703 0.2242
0.1541 0.1921 0.2372 0.2561 0.1606
R
ª º
« »
« »
« »
 « »
« »
« »
« »
¬ ¼
 
The comprehensive evaluation model is: 
B A R    
(0.4276,0.2579,0.1333,0.0910,0.0509,0.0393)
0.3132 0.2341 0.1884 0.1499 0.1142
0.1205 0.1701 0.4651 0.1438 0.1007
0.1736 0.1646 0.1911 0.3392 0.1315
0.1603 0.0855 0.2504 0.3363 0.1675
0.1000 0.1610 0.2446 0.2703 0.2242
0.1541

0.1921 0.2372 0.2561 0.1606
ª º
« »
« »
« »
« »
« »
« »
« »
¬ ¼
    = (0.2139,0.1894,0.2705,0.2008,0.1253)        
(13)  
4.  Fuzzy comprehensive evaluation model 
4.1Evaluation Results  
      You can set the corresponding five points vectors {20, 40,60,80,100}M   to calculate the final 
pipeline security based on the evaluation grade set ^ `1 2, , , eV v v v   = (very safe, unsafe, general safe, safe, 
very safe), so the composite score is: 
0.2139 20 0.1894 40 0.2705 60
0.2008 80 0.1253 100 56.68
TW B M   u  u  u
 u  u  
      
According to the res lts, the score of M urban water supply network leakage security assessment is 
56.68 points, which is on "generally safe level." According to formula (7), the maximum degree of 
membership is 0.3132, indicates that "pipe material index" is not safe, the urban pipes had been almost gray 
cast iron pipes before 1997 ,the laying length ratio reached 57.6% in 1997, after 1997, because cast iron 
pipe has poor flexibility, it is prone to leakage; the maximum degree of membership of formula (8) is 
0.4651, indicates that "interface index" is generally safe, in recent years ,a large number of rubber ring has 
been used, therefore the security pipe interface has been improved; the maximum degree of membership of 
formula (9) is 0.3392, indicates that "construction state" is on safe level, because the situation of city 
management network construction is better, pipeline infrastructure, pipeline corrosion is in-place; the 
maximum membership degree of formula (10) is 0.3363, indicates that "temperature change" is safe, 
because the city is located in south of the Yangtze, day and night temperature difference is not large, the 
average temperature is 15.9 , the security of pipelines is less affected by temperature; the maximum ć
degree of membership of formula (11) is 0.2703, indicates that "the settlement and external load terrain" is 
safe, the geologic dynamic loads caused by traffic is not large, in addition, the city has used scheduling 
software, the number of abnormal pressure points has also been reduced; the maximum degree of 
membership of (12) is 0.2561, indicates that "other reasons" is safe. Overall speaking, M urban’ water 
supply leakage belongs to the general security grades, the city's main problem is that plenty of gray cast iron 
pipe and asbestos export cement interface is used, which planted a hidden danger to the leakage, but the 
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good temperature condition has little impact on the pipe network, the pressure control pipe network should 
also be concerned about to prevent excessive pressure caused by leakage volume increasing.  
5. Conclusion 
     1) For AHP, the key problem is determining the indicator system, defining criteria layer and index layer 
needs according to the practical situation, then remove random and targets difficult to quantify to minimize 
the subjective component. Opinions of experts is essential, it directly affects the construction of matrix and 
the index weight coefficient precision.  
2)Security assessment model is only a decision support way now, as some of the water supply 
enterprises do not pay  attention to correct data and statistical work or coupled with the subjective judge 
error , current models are difficult to reflect real status of pipe network. However, with improved 
management of water supply enterprises and the in-depth study on prediction model, the security 
assessment model can provide better decision-making information to support decision makers.  
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